OBJECTIVE: Assess insulin sensitivity and metabolic status of obese patients with stable weight loss at long term following biliopancreatic diversion (BPD).
Obesity is strongly associated with the metabolic syndrome, a cluster of metabolic dysfunctions of which insulin resistance is a central. 1 Recent findings have also shown that type II diabetes could be effectively prevented through lifestyle changes that cause even a small reduction of body weight. 2 Mainstays of obesity treatment are energy restriction, increased physical activity and cognitive restructuring therapy. Bariatric surgery has been recommended for patients with a body mass index (BMI) above 40 kg/m 2 and for those with substantial comorbidities such as type II diabetes and hypertension. Findings in a small number of morbid obese patients demonstrate that biliopancreatic diversion (BPD) 3 could represent a specific mean to reverse insulin resistance to normalization in obese patients: in fact, insulin sensitivity was completely restored in operated groups compared to obese subjects who obtained a superimposable weight reduction by dieting. 4 Specifically, it was suggested that the extreme fat malabsorption induced by BPD, through the depletion of interfibrillar muscle fat deposits and the decrease of plasma leptin, could be the key component in the reversal of insulin resistance. 5 These results, however, were observed in few subjects and after a relatively short period of time following surgery. The main purpose of this paper was to assess the long-term efficacy of BPD on insulin resistance. Leptin has been shown to have a direct inhibitory effect on insulin secretion and leptin receptors have been found in pancreatic b cells. Furthermore some studies suggest that leptin impairs the action of insulin on adipocytes and hepatocytes; 6 however, in vivo studies showed that leptin does not affect insulin action or tends to play an insulinsensitizing role. 7, 8 In order to obtain longitudinal data on the relationships between leptin and insulin sensitivity, SErum leptin concentration was measured in the patients of this study.
Material and methods
This study was carried out in 36 (six males) nondiabetic (fasting serum glucose lower than 6.1 mmol/day) obese subjects (mean age 34 y; range 18-54 y) who had undergone BPD. Before the operation, all patients signed an informed consensus form. Body weight (BW, kg) and BMI values (kg/ m 2 ) prior to operation and at the second postoperative year are listed in Table 1 . Fasting blood samples for determinations of glucose, leptin and insulin concentration were obtained preoperatively and at 2 y after surgery, during a follow-up visit, when body weight was steadily reduced for more than 12 months.
After separation of plasma, samples for insulin and leptin determination were stored at À701C until analysis. Serum glucose concentration was measured by an enzymatic method on an automatic analyzer, serum insulin concentration using a standard sandwich enzyme immunoassay and serum leptin by immunoreactivity using a commercially available radioimmunoassay kit. Insulin sensitivity was estimated using the homeostatic model assessment for insulin resistance (HOMA IR); patients were regarded as insulin resistant when HOMA IR value was greater than 2.5. Preoperative and 2 y results are reported in Table 1 .
The differences between means were evaluated by t-test for longitudinal comparisons and, when appropriate, by w 2 tests, and the relationships between variables were assessed by simple correlation and multiple regression.
Results
At 2 y after BPD, BW was stabilized at markedly lower levels than prior to the operation and the mean BMI values had nearly normalized (Table 1 ). Prior to the operation, 27 patients had been classified as insulin resistant and following the operation, a sharp decrease of HOMA IR values was registered and a normal insulin sensitivity was found in all individuals (w 2 ¼ 43.2, Po0.001). Moreover, a marked postoperative drop in serum leptin concentration was observed (Table 1) . Tables 2a and b report the intercorrelations between BMI HOMA IR values and serum leptin concentration prior to and following BPD, respectively. Preoperatively, the variables were completely unrelated, while following the operation serum leptin levels were positively related to both BMI data and HOMA IR values. In a multiple regression model (Table 3) , the postoperative HOMA IR value as dependent variable was positively correlated (r ¼ 0.405, Po0.05) to serum leptin concentration regardless of BMI data.
Discussion
The primary finding of this study is that at 2 y follow-up after BPD, a marked increase of insulin action occurs. In fact, mean HOMA IR data revealed a normal insulin sensitivity and all patients classified as insulin-resistant prior to the operation showed normal HOMA IR values. This clearly indicates that BPD reverts the insulin resistance, which in most cases characterizes the obese status.
The post-BPD recovery of insulin action can be accounted for by different factors. The marked weight loss achieved after BPD and maintained in the long run corresponds to a stable reduction of adipose tissue size, thus improving by itself the insulin action.
However, an early recovery of insulin sensitivity was observed following BPD, when body weight was still in the obese range: therefore, specific mechanisms have to be postulated. An extreme postoperative lipid malabsorption takes places following BPD, 10 and such profound lipid deprivation could lead to the selective depletion of intramyocellular lipid stores, and thus inducing a normal metabolic status in spite of a persistent excess of body fat. 5 Furthermore, the new anatomo-functional conditions due to the operations and in particular the exclusion of duodenum and part of jejunum from the food transit could provoke profound alterations in the entero-hormonal pattern for lack of stimulation of the entero-insular axis. 11 The post-BPD reduction of gastro-inhibitory-polipeptide (GIP) production causes in turn a sharp reduction in insulin secretion, and this might indirectly result in an improvement of insulin action regardless of weight reduction. Insulin sensitivity after BPD for obesity GF Adami et al
In summary, previous cross-sectional data 4,11,13,14 and short-tem longitudinal studies 5 suggest that specific mechanisms independent of weight loss can intervene in improving insulin action following BPD: this study shows that this improvement is maintained at long term. Prior to the operation, insulin action appeared to be unrelated to both the degree of obesity and the serum leptin concentration, while 2 y thereafter the HOMA IR data were positively related to leptin concentration independently of BMI. Although in severe obesity, serum leptin concentration is usually at very high level and most patients are insulin resistant, no clear linear relationship between these variables was observed: this lack of correlation is in agreement with the results of previous studies carried out in similar population; 15 factors like leptin exposure time or different degrees of leptin resistance might be the causes for this lack of correlation. This study demonstrates that 2 y following the operation, a positive correlation between serum leptin concentration and HOMA IR data regardless of body weight emerges; therefore, it would appear that at long term following BPD, leptin might actually influence insulin action, as it was demonstrated in studies carried out in lean individuals who never were obese. [16] [17] [18] Therefore, it can be hypothesized that the factors affecting a normal relationship between leptin and insulin action in the obese status are withdrawn after BPD.
